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PATENT APPLICATION OF KEVIN R. WILLIAMS 

BACKGROUND OF THE INVENTION 

L Field of the Invention 

100011 This invention relates generally to variable frequency AC drive units and more 

specifically to a control system for an AC motor comprising parallel integrated variable 
frequency drive units. 

2. Description of the Prior Art 

|ooo2| Alternating current, or AC, motors provide much of the motive force for industry. 

AC motors come in a variety of styles and horsepower ratings, from fractional 
horsepower ratings to multiple thousands of horsepower. Control of industrial AC 
motors can be quite complex and typically involves more than merely starting and 
stopping the motor. An AC motor control system typically has to adjust the speed and 
torque of the motor(s) during normal operation and start-stop cycles. 

10003] AC motors may be classed as low, medium and high voltage. Medium-voltage 

motors consume voltages from about 400V up to about 15kV and generate power levels 
up to about 20,000 Hp. For AC motor applications above about 400 Hp, it is typical in 
the industry to engineer a modular control system for the specific application at hand. 
One engineering technique used for these high end systems involves paralleling specially 
designed power modules (rectifier, bus and inverter sections). Paralleling power modules 
allows flexibility in designing drive systems using a small number of available modules. 
A control interface specifically designed to interface with parallel power modules is used 
in such systems. Parallel power module control systems for medium-voltage motors are 
inherently expensive, owing to the amount of design engineering required to configure 
the system, the need for many system components and the number of system 
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interconnections (wires, bus bars etc.). This design approach for high power, medium 
voltage control systems leads to high cost. The sophisticated and technical nature of 
these medium-voltage, high power control systems restrict their use to highly specialized 
applications. 

10004) In contrast, low voltage AC motors typically consume between about 240V and 

600V and generate power levels up to about 800 Hp. Control systems for these low- 
voltage motors have become compact, integrated, and are produced in reasonably high 
volume, that is to say, they are considered by the industry to be an "off the shelf item. 
These "integrated" control systems are inherently less expensive than the complex, 
engineered systems previously mentioned. 

SUMMARY OF THE INVENTION 

10005] A control system for an AC motor having a predetermined horsepower rating is 

provided. A plurality of integrated AC motor control systems are used, each of which 
comprises an input rectifier section, a DC bus section an output inverter section and a 
controller section. Each integrated control system has a horsepower rating less that the 
AC motor to be controlled. A common, 3 phase AC input is applied to the rectifier 
section of each integrated control system and a common, 3 phase, variable frequency, 
pulse-width-modulated output is derived from output inverter section of each integrated 
control system. A parallel controller interfaces with each integrated control system 
controller to provide a control system for an AC motor. 

10006] A method of controlling an AC motor of predetermined horsepower is also 

provided. The method involves providing a plurality of integrated AC motor control 
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systems each having a horsepower rating less that the AC motor to be controlled. 
Further, each integrated control systems comprises an input rectifier section, a DC bus 
section an output inverter section and a controller section. 3 phase AC power is input to 
the rectifier section of each integrated control system. A 3 phase, variable frequency, 
pulse-width-modulated power output from the output inverter sections of each integrated 
control system is generated and a parallel controller that has been interfaced with each 
integrated control system control provides control of the AC motor. 

BRIEF DESCMPTION OF THE DRAWINGS 

10007) The objects, advantages and features of the invention will be apparent to those of 

ordinary skill in the art by reference to the Description of Illustrative Embodiments and to 
the drawings appended hereto, of which: 

10008] Figure 1 illustrates an integrated control system for a low voltage AC motor. 

10009] Figure 2 illustrates a modular control system for a medium voltage AC motor. 

10010] Figure 3 illustrates an embodiment of the present invention in which a plurality of 

integrated control systems are controlled in parallel to create a control system for a 
medium voltage AC motor. 

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0011] State-of-the-art, three-phase AC motors use a sophisticated combination of solid 

state electronics, magnetic and/or vacuum contactors and other components configured 
into a control system. Such control systems consist of four basic functional sections: (1) 
a input rectifier section that rectifies or converts incoming AC power into DC power; (2) 
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a DC bus section that may also filter and condition the DC power; (3) an inverter section 
that converts the DC power into a pulse width modulated (PWM), variable-frequency AC 
signal; and (4) a control interface that allows a user to manipulate the control system and, 
therefore, the AC motor. 

10012) FIG. 1 illustrates a conventional integrated control system 10 for a low voltage 

AC motor (not shown). Three phase AC power 20 is supplied to the integrated control 
system 10 at the input rectifier section 30. The input rectifier section 30 rectifies or 
converts the incoming AC power into a form of direct current (DC) power. The DC 
power is then conducted along a DC bus 40 and also may be filtered 45 or otherwise 
conditioned as is known in the art. The DC power is passed to the output inverter section 
50, which inverts or converts the DC power into variable frequency, pulse-width- 
modulated AC power 60. A master rectifier/inverter interface controller 70, typically, but 
not necessarily microprocessor-based, interfaces with the rectifier/bus/inverter system to 
control the AC motor, such as starting, stopping, and adjusting the speed and/or torque. 
An example of a conventional integrated control system is the OEMV3000 AC Variable 
Speed Drive in the MicroCubicle, or chassis, format offered by Oilfield-Electric-Marine, 
Inc. and designed for AC Motors up to 315 kW. 

10013] Figure 2 illustrates a modular, as opposed to integrated, AC motor control system 

for a medium voltage, high horsepower application. The control system 100 is comprised 
of a plurality of rectifier modules 110 for converting the incoming AC power 20 into a 
DC analog. The DC power is fed by an internal bus 115 to a plurality of inverter 
modules 120, which together supply a three phase, variable frequency, pulse-width- 
modulated AC power signal 130 to the AC motor or motors (not shown). Each rectifier 
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module 1 10 typically has a rectifier interface card 115 that interfaces the rectifier module 
to the rest of the system 100. Likewise each inverter module 120 typically has an 
inverter interface card 125 that interfaces the inverter module to the rest of the system 
100. Each rectifier module 110 and inverter module 120 typically has an associated heat 
exchanger 140 or other cooling device. Typically these cooling devices 140 use air or 
liquid as the cooling fluid. Modular control system 100 has an associated parallel 
controller 150 providing parallel control of the plurality of inverters and rectifiers. 
Parallel controller i 50 typically has a master rectifier/inverter controller section or card 
that communicates and interfaces with the rectifier interface 115 and inverter interface 
120. It will be understood by those of skill in the art that reference to "cards" is merely 
one example of how conventional drives are organized and is not meant to limit the 
application of the present invention to other drive structures and designs. An example of 
a conventional modular control system is the OEM V3 000 AC Variable Speed Drive in 
the Delta format offered by Oilfield-Electric-Marine, Inc. and designed for AC Motors 
over 315 kW, for example, a 600kW (800Hp) AC motor. 

10014] FIG. 3 illustrates one embodiment of the present invention for an 800 Hp AC 

motor 200. Rather than engineer a modular control system for the SOOHp motor, such as 
that shown in FIG. 2, the present invention utilizes a plurality of off-the-shelf, integrated 
control systems for 400 Hp motors, 210 and 220, respectively. In the specific 
embodiment illustrated in FIG. 3, two 400Hp integrated control systems, 210 and 220, 
are connected at their rectifier sections, 230 and 240, to a common, three phase AC 
power source 250. In the preferred embodiment of the invention illustrated in FIG. 3, the 
internal DC bus, 260 and 270, and any associated filters or conditioner 280 and 290, of 
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each integrated control system, 210 and 220, remain separate one from the other. In an 
alternate embodiment, the internal DC buses, 260 and 270, of each integrated control 
system are connected to a common extemal DC bus 300. The output from the inverter 
sections 310 and 320 of each integrated control system are connected together to create a 
three phase, variable frequency, pulse- width modulated, AC power signal 330. Also 
shown in FIG. 3 is a controller 340, which is similar to the parallel controller 150 shown 
in FIG. 2, and includes a similar master rectifier/inverter controller section 345. 
Controller 340 interfaces with each integrated control system, 210 and 220, and allows 
user control of the parallel, integrated control systems. 

10015] More specifically, the rectifier/inverter interface card common to the integrated 

controllers is modified or even discarded and replaced with an interface card like those 
foimd in the modular systems, one of which is illustrated in Fig. 2. In this fashion, a 
plurality of independent, integrated drives are paralleled to control a motor having an Hp 
rating greater than any of the individual drives. The present invention can control 2 or 
more integrated drives in parallel, typically 3 to 8 drives. Moreover, the present 
invention may incorporate other conventional fiinctionality, including but not limited to, 
dynamic brake systems or chopper circuits 400. As shown in Fig. 3, chopper circuit 400 
may be common to the plurality of integrated drives or each drive may have its own 
chopper circuit. Additionally, the brake system may be intelligent or may be controlled 
by the drive controller 340. 

[0016] Other embodiments of the present invention can be constructed using the 

teachings set forth above. For example and without limitation, parallel integrated control 
systems can be constructed for medium voltage, high horsepower applications, which 

7 

H: 523207(B7PJ0I!.DOC) 



PATENT APPLICATION OF KEVIN R. WILLIAMS 

heretofore required an expensive and heavily engineered modular control system. 
Parallel integrated control systems made according to the present invention will enjoy 
one or more of the following advantages: the ability to start, control the speed of and stop 
a polyphase AC motor with paralleled, standard off the shelf integrated variable 
frequency drive units; utilization of off-the-shelf integrated drive units (each of which 
contains its own rectifier, inverter and controller), which are inherently less expensive 
than the complex modular systems currently used; creating a greater variety of variable 
frequency drive units across a larger horsepower range than is currently available; 
minimizing the number of components, engineering time and the number of system 
interconnections (wires, bus bars etc.) used in designing parallel systems thereby 
decreasing the complexity of the system; decreasing the overall cost for the control 
system and the requirement of the end user to stock expensive replacement parts; and 
providing a smaller, more powerful integrated control system drive unit than is currently 
commercially available. 
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